The NLO contributions to some two-body charmless hadronic B meson decays, such as those from the QCD vertex corrections, the quark loops and the chromo-magnetic penguins, have been calculated in the pQCD factorization approach.
INTRODUCTION
The two-body charmless hadronic B meson decays play am important role in testing the standard model (SM) and probing for the new physics beyond the SM. At present, the key point is how to reduce still large theoretical uncertainty in evaluating the hadronic matrix elements < M 2 M 3 |O i |B >.
During the past decade, many B → M 2 M 3 decays have been studied by employing the QCD factorization approach [1] , the soft collinear effective theory (SCET) [2] and the perturbative QCD (pQCD) factorization approach [3, 4] . In the pQCD approach, some next-to-leading order (NLO) corrections, such as those from vertex QCD corrections, the quark-loops and the chromo-magnetic penguins, have been included recently [5, 6, 7] , but much more NLO contributions should be calculated in order to give more reliable pQCD predictions.
OUTLINE OF THE PQCD FACTORIZATION APPROACH
In the pQCD approach, the decay amplitude A(B → M 2 M 3 ) can be written conceptually as the convolution,
where k i 's are momenta of light quarks included in each meson, and Tr denotes the trace over Dirac and color indices. The Wilson coefficient C(t) is evaluated at hard scale t. The function H(k 1 , k 2 , k 3 , t) describes the hard dynamics and could be calculated perturbatively. The wave function Φ Mi describes hadronization of the quark and anti-quark in the meson M i . Using the light-cone coordinates the B meson momentum P B and the two final state meson's momenta P 2 and P 3 (for M 2 and M 3 respectively) can be written as
where r i = m i /M B . m 2 and m 3 are the mass of the two final state mesons. Putting the anti-quark momenta in B, M 2 and M 3 meson as k 1 , k 2 , and k 3 , respectively, we can choose
Then, the integration over k (1) will lead to
where b i is the conjugate space coordinate of k iT , S t (x i ) is the threshold function, and e −S(t) is the Sudakov form factor which suppresses the soft dynamics effectively.
The typical Feynman diagrams which may contribute to the B → M2M3 decays at leading order.
(h) Figure 2 : The NLO contributions in pQCD approach from the vertex QCD corrections (a-d), the quark-loops (e-f) and the chromo-magnetic penguins (g-h).
LO and NLO CONTRIBUTIONS
At the leading order in pQCD approach, there are three type diagrams contributing to the B → M 2 M 3 decays, the factorizable emission diagrams, the hard-spectator diagrams and the annihilation diagrams, as illustrated in Fig.1 . From the factorizable emission diagrams Fig.1a-1d , the corresponding form factors can be extracted by perturbative calculation. For a given decay mode, one can find firstly the individual decay amplitude by evaluating analytically the corresponding Feynman diagram, obtain the total decay amplitude by summing up the different pieces and finally calculate the branching ratios and the CP violating asymmetries.
When compared with the previous LO calculations in pQCD, the following NLO contributions should be considered:
1. The NLO Wilson coefficients C i (M W ), and the NLO RG evolution matrix U (t, m, α) as defined in Ref. [8] , will be used.
2. The strong coupling constant α s (t) at two-loop level will be used. diagrams, but the first two ( Fig.2g-2h ) provide the dominant NLO contributions [9] .
Besides the LO hard kernel
II: The NLO contributions to the LO Feynman diagrams (1a,1b) will affect the extraction of the from factors, as illustrated in Fig. 3 . There are totally 13 relevant Feynman diagrams, we here show four of them only.
III: The NLO contributions to the LO hard-spectator Feynman diagrams (1c,1d), as illustrated in Fig. 4 . There are totally 56 relevant Feynman diagrams, we here show four of them only.
IV: The NLO contributions to the annihilation Feynman diagrams (1e,1h), as illustrated in Fig. 5 . we here show only four of them.
At present, the calculations for the vertex corrections, the quark-loops and chromo-magnetic penguins have been available [5, 6, 7] . For more details about the pQCD predictions for the branching ratios and CP violating asymmetries of B → Kη (′) , KK * , ρ(ω, φ)η (′) decays, one can see Refs. [6, 7] . It is an urgent task to calculate the Feynman diagrams as shown in Figs. 3-5 , in order to provide pQCD predictions at full NLO order.
